ABSTRACT Comparison of the rate of racemization with the rates of diastereomerization in the title compound allows the firm conclusion to be drawn that the theoretically weakest of the three cyclopropane bonds is preferentially broken irrespective of the multiplicity of the internal rotations involved. Incidentally, the effect of an adjacent chiral methyl group on internal rotational propensities is elucidated.
As part of a research into the characteristics of thermal rearrangements of cyclopropanes (1, 2) and cyclobutanes, this work has the dual purpose of (i) verifying that the bond predicted to be the weakest on the basis of radical-stabilizing enthalpies of substitutents is in fact the bond involved in the various reactions, and (ii) observing the influence of a heretofore unexamined steric factor on rotational propensity.
Geometrical isomerization and enantiomerization of optically active 1,2-disubstituted cyclopropanes (and cyclobutanes) are simply hypothesized to involve single and double internal rotations, respectively, on rupture of the 1,2 bond (1). Although the latter is allowed to be concerted according to Woodward and Hoffmann (3) and the former is not, both processes have an activation energy compatible with that of a nonconcerted bond-breaking model.
Stimulated by their dramatic discovery of exclusively double rotation in the thermal rearrangements of deuterium-labeled cyclopropane and phenylcyclopropane, Berson et al. (4) have warned repeatedly that putatively single rotational processes may actually be double rotational processes involving simultaneous rotations of the C3 methylene group and the C1 or C2 group. Because the demonstration of single rotational processes hinges on the correct identification of the bond ruptured in the reactions, reliable resolution of their reservations is mandatory. Baldwin and Carter (5) have recently demonstrated the absence of epimerization at a chirally deuterated CS methylene group in 1-cyano-2-phenylcyclopropane and therewith removed the reservation in a way that forestalls appeal to arcane properties of the methylene group.
Independently, we have studied the four optically active diastereomeric l-cyano-2-methyl-3-(cis-propenyl)cyclopro- 
FIG. 1. (Left)
The four diastereomeric l-cyano-2-methyl-3-(cis-propenyl)cyclopropanes and their interconnective specific first-order rate constants at 217.8'C in the gas phase (10-6 s-1). (Right) The relative responses of four of their seven types of hydrogen [as numbered in 1 (Left)], the confidence levels (CL) of their structural assignments, their specific rotations in cyclohexane, kinetically based differences in free energies in kcal/mol, and the RA factors (which represent the relative rotational propensities of cyano and cis-propenyl). Fig. 1 and optimal values of specific rate constants are determined by the Simplex method (10) . The general program for optimization has been designed by Glenn Graham and is to be published elsewhere. From these "best-fit" values of the specific rate constants, three sets of three AAG relative to 1 are used to calculate average AAG values. The small divergences of the experimental AAG are then apportioned equally between forward and reverse rate constants to construct a set of corrected rate constants now internally consistent with the condition that the rates of all pairs of forward and reverse reactions be equal at equilibrium (11, 12) .
COMMENT
Because no optical activity is lost at 217.80C, only the 1,3 bond bearing the cyano and propenyl substituents has become involved. This result confirms the previous deduction (1, 2) that the carbon-carbon bonds in cyclopropane will be "broken" in an order predictable from the sum of the radical-stabilizing effects of their respective substituents.
This case serves to illustrate the model in specific terms. At the higher temperature (2580C) at which racemization (ka)
begins, a value for the rate constant, ka, = 6 X 10-7 sec1, can be estimated (10 + 2% racemization after 24 hr). This value may then be compared with the value ki = 1.6 X 10-4 sec1 calculated by transference of the value of Ea = 41.3 kcal/mol found for the geometrical isomerization of 1-cyano-2-vinylcyclopropane by Willcott et al. (13) . The resulting factor of 535
translates under the assumption of zero difference in entropy of activation to Ea = 6.6 kcal/mol. This value is satisfactorily close to the difference in radical-stabilizing power of cyano (8.0 kcal/mol) and methyl (2.5 kcal/mol).
Rotational propensities (RA) are defined as the relative tendencies of two pairs of substituents (in this case, cyano hydrogen and cis-propenyl hydrogen) to undergo single internal rotations. Thus, starting from 1, (RA)1 = k13/k12 = 9.76/2.01 = 4.86. Because they should be from one of the three equilibrium conditions-i.e., k12k23k34k41 = ks4kssk32k2l (11) spectively, from thermodynamically uncorrected kinetic data).
The effect of the methyl group at C2 seems to be understandable in terms of steric repulsion. Thus, in 1, the tendency of the CN to rotate more readily is enhanced by the proximate cis-methyl whereas the opposite tendency of the cis-propenyl is also enhanced by an inhibition of rotation from a less-hindered trans relationship into a more hindered cis relationship. In 4, the situation is reversed. Consistently, the RA factors are 4.86 and 1.04, respectively, larger and smaller than the value of 2.20 found, for example, in 1-cyano-2-isopropenylcyclopropane. Parenthetically, it will be interesting to determine how closely RA for 1-cyano-2-(cis-propenyl)cyclopropane will agree with the geometrical mean value of 2.245 obtained from the methyl analogue in this work.
The possibility that apparently single rotational processes and their associated RA factors (1, 2) might in reality have been synchronous double rotations with the second element concealed by an insufficiency in the experimental design is effectively removed by the present results. Still remaining is a fascinating problem opened by Berson and his collaborators (4, 14) . They found exclusively double internal rotation when one of the two elements was a monodeuterated group as in cyclopropane-1,2-d2, phenylcyclopropane-2-d, and phenylcyclopropane-2,3-d2 (14) (where, additionally, a vain search for a-methylstyrene provided a different basis for the exclusion of "wrong-bond" cleavage). Interest is heightened by the conflicting observation of a competitive single internal rotation in vinylcyclopropane-2,3-d2 (15) .
Finally, it may be noted that the absence of ring enlargement to cyclopentenes is in complete accord with previous experience with vinyl substituents of the cis-propenyl type (16, 17) .
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